Abstract Carotenoids are increasingly drawing the attention of researchers as a major natural food color due to their inherent nutritional characteristics and the implicated possible role in prevention and protection against degenerative diseases. In this report, we review the role of red pepper as a source for natural carotenoids. The composition of the carotenoids in red pepper and the application of different methodologies for their analysis were discussed in this report. The stability of red pepper carotenoids during post-harvest processing and storage is also reviewed. This review highlights the potential of red pepper carotenoids as a source of natural food colors and also discusses the need for a standardized approach for the analysis and reporting of composition of carotenoids in plant products and designing model systems for stability studies.
Introduction
Color and appearance create the first impression and greatly influence the acceptability of food; hence the development of food items with attractive color and appearance is an important goal in food industry. Color is added to food to replace the color lost during processing, to enhance the color already present, to minimize batch to batch variations and to color otherwise uncolored. Food colors can be classified as natural colors, nature-identical colors, synthetic colors and inorganic colors (Henry 1996) . Now days, food producers pay more attention towards colors and additives of natural origin, since many artificial colors and additives have been shown to impart negative health effects. The increased demand for natural food additives fuels the research to offer more natural ways to color and preserve foods. Research on natural pigments focuses in finding new pigments and new sources for known pigments, optimizing the conditions for the enhanced pigment synthesis and improved recovery, minimizing the detrimental effects of food processing and storage on pigments, and developing delivery systems suitable for different types of food matrices and to offer improved stability to the pigments during processing and storage. Natural colors include both the natural pigments and certain pigments prepared by the modification of natural compounds such as caramel, vegetable carbon, Cuchlorophyllin etc. Based on the chemical structure, natural pigments are grouped as tetrapyrrols (e.g. chlorophyll) tetraterpenoids (e.g. carotenoids), flavonoids (e.g. anthocyanins), anthraquinones (e.g. carmine, lac etc.) and betains. Chlorophylls and carotenoids are the most abundant pigments in nature and have a major role in photosynthesis, the fundamental process of life in earth.
Carotenoids
Carotenoids are lipophilic yellow-orange-red pigments found in photosynthetic plants, algae and microorganisms. Animals are not able to synthesis carotenoids denova, so their presence is due to dietary intake. Apart from coloration these pigments are important for plant and animal health as they play a special role in protecting tissues from light and oxygen. Changes in the content and structure of carotenoids in plants can also be considered as markers of environmental damages. Carotenoids are subgroup of isoprenoid compounds and currently comprise more than 700 characterized structures. Since 1980 around 7500 papers have been published about carotenoids in various research areas of chemistry, physics, food, biology and medicine as its significance stretches form natural coloration to profound physiological effects. Carotenoids are commercially exploited as food colorants and feed additives and are being used in pharmaceutical, nutraceutical and cosmaceutical products.
The vast majority of carotenoids are derived from the linear tetraterpen phytene (C 40 ), as eight isoprenoid units join head to tail pattern except at the centre to form 40-carbon carotenoid back bone. The pigment character of carotenoids, for which they are best known, is imparted to the colorless basal phytene structure by introducing additional double bonds in conjugation. Cyclic or acyclic end groups terminate the polyene chain thus formed. A number of modifications in this linear conjugated backbone by cyclases, hydroxylases, ketolases and other enzymes give rise to the wide spectrum of carotenoid diversity from simple hydrocarbon carotenes to xanthophylls. Xanthophylls have oxygen in terminal rings in the form of hydroxy (e.g. zeaxanthine, lutein etc.), keto (e.g. astaxanthin, canthaxanthin etc.) or cyclic ether (violaxanthin, fucoxanthin etc.) groups. No heteroatom other than oxygen is so far been known to be present in natural carotenoids. Certain b a c t e r i a s yn t h e s i z e c a r o t e n o i d s w i t h C 3 0 ( e . g . staphyloxanthine from Staphylococus aureus) (Pelz et al. 2005 ) and C 50 (decaprenoxanthin from Corynebacterium glutanicum) (Krubasik et al. 2001 ) carbon skeletons. Carotenoids with aromatic rings are occasionally found in certain marine sponges, mycobacteria and cyanobacteria (Graham and Bryant 2008) . Similarly monocyclic carotenoids such as torulene occur rarely in certain yeasts (Frengova and Beshkova 2009) .
Based on the cyclic or open nature of end groups, carotenoids are classified as acyclic i.e., both end groups are open (e.g. lycopene), mono cyclic i.e., one end group closed (e.g. γ carotene) and bicyclic i.e., both end groups closed (e.g. β-carotene). Allenic (e.g. neoxanthin) and acetylenic (e.g. dehydroapocarotenoid) carotenoids are also found in nature. Based on their biological significance, they are also classified as primary and secondary carotenoids. Primary carotenoids are directly involved in the photosynthesis e.g. β-carotene, zeaxanthin, lutein etc. Secondary carotenioids such as lycopene, α-carotene, capsanthin etc. do not have direct role in photosynthesis. Most of the natural carotenoids are chiral with one to six chiral centers. In general all trans isomers are more stable than cis-trans and all cis isomers (Khoo et al. 2011) . Interactions with light, heat, oxidants and other reactive chemical species alter the isomerisation pattern of carotenoids and thus impart significant changes in their properties.
Hydroxycarotenoids in fruits and vegetables are predominantly found as esterified with fatty acids. Variations in number and position of hydroxyl groups in carotenoids coupled with the availability of variety of fatty acids in nature results in a wide spectrum of carotenoid esters. In some fruits during ripening degree of esterification increases. Esterification is believed to provide high stability to carotenoids against thermo, photo and enzymatic oxidation reactions.
In higher plants carotenoids are seen in plastids, particularly chloroplasts of photosynthetic tissues and chromoplasts of flowers and fruits. They occur mostly as free forms in leaves and as esterified forms in other tissues. The carotenoid composition of fruits and vegetables varies with variety; maturation and ripening, agro-climatic conditions etc. Carotenoids in human diet are primarily derived from leafy vegetables; yellow orange fruits and some vegetable oils. Many algae and fungi are being utilized as commercial source of carotenoids. β-carotene, one of the major carotene in diet finds in a variety of orange, yellow and green fruits and vegetables. Particularly, carrot, red chilli, paprika, palm oil, sea buckthorn berries (Ong and Tee. 1992; Ranjith et al. 2006 , Khoo et al. 2011 ) etc. are the major sources of β-carotene. The best-known sources of lycopene are tomatoes, watermelons, guava and pink grape fruit. The fungus Blakslea trispora is used for the synthetic production of lycopene, Lycopene provides an orange shade in solution and is more prone to oxidation than β-carotene. Carotenes such as phytoene, phytofluene, γ-carotene, δ-carotene are also seen in small amounts along with α and β-carotenes in plants. Annatto, the carotenoid pigment extracted from the seeds of a topical tree Bixa orellana, being used to color dairy products contains bixin and norbixin as the major carotenoids. Lutein, the xanthophyll extracted from Marigold (Tagetes erecta) flowers is being used to impart yellow color to egg yolks and skin of broilers. The dried stigma of saffron (Crocus sativus) being used as a colorant contains a water-soluble carotenoid crocetin as the major pigment. The high cost of saffron limits its application as a colorant.
A number of physiological benefits have been proposed for Carotenoids. β-carotene along with α-carotene and β-cryptoxanthin are sources of provitamin A. Observational studies describing the inverse relationship between human chronic disease incidents and intake of high carotenoid containing diets are available. Carotenoids have been shown to reduce oxidative stress (Edge et al. 1997) , inhibit cancer cells (Maoka et al. 2001; Tang et al. 2005 ) and offer protection from cardiovascular diseases (Voutilainen et al. 2006) , macular degeneration and cataract (Gale et al. 2003) . The bioavailabilty of carotenoids is influenced by dietary factors including type and amount of carotenoid consumed and nature of food to which carotenoids are incorporated and post-harvest processing and storage and cooking practices of food items (Pugliesea et al. 2013) .
Carotenoids in red pepper
The red pepper, 'Capsicum' belonging to Solanaceae family has been used since ancient times to impart red color and pungency to foodstuffs. The genus Capsicum consists of approximately 22 wild species and 5 domesticated species viz; C. annuum, C. baccatum, C. chinense, C. frutescens, and C. pubescens. Capsicum is endemic to western hemisphere. C. Annuum cultivars are the most commercially cultivated pepper in worldwide. Fruits of capsicum can vary tremendously in color, shape, and size both between and within the species. Ripe pepper fruits belonging to different varieties display a range of colors from white to deep red. The intensity of red color and degree of pungency are valued as major quality parameters in paprika trade. The amount of capsaicin in hot peppers also varies significantly between varieties, and is measured in Scoville heat units (SHU). The world's current hottest known pepper as rated in SHU is the Trinidad Moruga Scorpion, which has been measured at over 2,000,000. Both ground pepper (paprika) and oleoresins are being used to modify color and flavor of soups, stews, sausage, cheese, snacks, salad dressing, souces, pizza, confectionaries, beverages etc. The annual production of paprika and paprika oleoresins was 60,000 and 1400 t respectively. Though a very large number of capsicum varieties exist, only a few have been studied in detail.
The red color of capsicum are imparted by carotenoids with more than 50 identified structures (Almela et al. 1991; Cervantes-Paz et al. 2014; Collera-Zúñiga et al. 2005; Giuffrida et al. 2013; Guil-Guerrero et al. 2006; Howard et al. 2000) . The reports on the content of major carotenoids in red pepper is summarized in Table 1 . Carotenoids content in the reports varies from 0.1 to 3.2 g/100 g dry weight with marked difference in composition. The unique keto carotenoids capsanthin, capsorubin and cryptocapsin impart brilliant red color to ripen chilly pods, while the yellow orange color is from β-carotene, zeaxanthin, violaxanthin and β-cryptoxanthin (Fig. 1) . Most of the xanthophylls in red pepper occur as esters with C 12, C 14 and C 18 fatty acids whereas green pepper extracts comprised mostly of free carotenoids (Breithaupt and Schwack 2000; Cervantes-Paz et al. 2014; Giuffrida et al. 2013; ) . The carotenoids such as capsanthin and capsorubin with κ-ring as end groups were previously reported to be characteristic of capsicum species (Deli and Molnar, 2002) . Capsanthin contributes 30-70 % of carotenoids in most of the varieties and cultivars. The proportions of capsanthin and capsorubin increase in the advanced stages of ripening (Deli et al. 1996) . Significant proportions of capsanthin-5,6-epoxide, capsanthin-3,6-epoxide, cucurbitaxanthin A, cucurbitaxanthin B, violaxanthin, antheraxanthin, capsanthone, neoxanthin, lutein etc. have also been reported in red pepper (Almela et al. 1991; Minguez-Mosquera and Hornero-Mendez 1993; Deli et al. 1996; Hornero-Méndez and Mínguez-Mosquera. 1998; Hornero-Méndez et al. 2000) .
Peppers are a rich source of vitamin A and C, phenolic compounds and micro and macro elements (Guil-Guerrero et al. 2006) . Red pepper preparations are suggested for the treatment of gastro-intestinal problems, skin diseases and arthritis, for healing wounds and as a blood purifier traditionally (Govindarajan and Sathyanarayana 1991) . Experimental evidences for the potential of red pepper to reduce oxidation stress (Cervantes-Paz et al. 2014) , inflammation (Spiller et al. 2008) , pain (Group 1991) , fat intake and body weight (Kawabata et al. 2006) and to control dyspepsia (Bortolotti et al. 2002) are available. The purported health benefits of peppers have been partially attributed to their carotenoids content. Carotenoids bearing κ-ring as end groups have been shown to posses strong reactive oxygen scavenging potential (Maoka et al. 2001) . Capsanthin was shown to be among bioavailable carotenoids (Pugliesea et al. 2013 ).
Analysis of red pepper carotenoids
The wide structural diversity coupled with possible isomeric forms and derivatives make the analysis of carotenoids a difficult task. Reports on the method of analysis of red pepper carotenoids are summarized in Table 2 . The general steps of carotenoid analysis include; sample preparation, extraction, purification, saponification, separation, detection and quantification. The instability associated with the characteristic conjugated double bond structure of carotenoids requisites the incorporation of control measures to minimize the possible loss of carotenoids during the course of analysis (Oliver and Palou 2000; de Quiros and Costa 2006) . The precautions include carrying out the laboratory operations in dimmed, yellow or red light and performing sample preparation, extraction, evaporation, and saponification steps in presence of antioxidants under a protective nitrogen or argon environment at a temperature below 40°C and storing the samples/extracts in inert atmosphere at temperatures around −20°C (Ladislav et al. 2005 ).
Extraction and pretreatment of samples
Carotenoids are lipophilic compounds and their distribution is linked to the lipid profile of plants. In mature capsicum fruits, carotenoids are localized in the pods. The best solvents for the extraction of carotenoids are chloroform, dichloromethane and tetrahydrofuran in which their solubility may attain 1000 to 10,000 mg/L. Less polar organic solvents such as hexane, petroleum ether, diethyl ether, dichloromethane, acetone, ethyl acetate, isoproponol, methanol etc. either alone or in mixtures, preferably in chilled form have been used to extract pepper carotenoids (Table 2 ). Better extractability from high moisture content samples may be achieved by extracting with hydrophilic solvents such as methanol, ethanol, acetone etc. to remove moisture followed by lesser polar solvents 4.2-13.6 Almela et al. 1991 Units. a: mg/kg or μg/g in dry weight basis, b: % area in chromatogram, c: mg/kg or μg/g in fresh weight basis (or not specified), d: relative % of individual carotenoids & total carotenoids in mg/100 g in dry weight basis, e: mg/100 g in fresh weight basis, f: μg/100 g in dry weight basis, g: relative peak height of individual carotenoids to canthaxanthin in the chromatogram & total in mg/kg in dry weight basis, h: mg/g in dry weight basis (Markus et al. 1999; Ranjith et al. 2006 ). The polar compounds co extracted with the carotenoids are traditionally removed by partitioning with water or aqueous salt solutions (Cacciola et al. 2012; Giuffrida et al. 2013; Guil-Guerrero et al. 2006) . The homogenization and extraction of samples are to be carried out in inert atmosphere preferably in presence of antioxidants. Now days increased concern on the polluting and toxicological effects of petroleum solvents makes agro industries to substitute petroleum solvents for alternative less toxic solvents, particularly in products for human consumption, with the first option being alcohols. The traditional extraction techniques such as soxhlet extraction, homogenization and sonication are often replaced by microwave assisted extraction (MAE) and supercritical fluid extraction (SFE) techniques. MAE shortens extraction time, reduces solvent consumption and improves extraction yield.
Efficiency and selectivity of MAE depends on the dielectric constant of extraction media (Kiss et al. 2000) . SFE has also been described as a desirable alternative to solvent extraction of carotenoids as it enhances the speed and efficiency of extraction and eliminates concentration steps (Turner et al. 2001) . Supercritical carbon dioxide (SC-CO 2 ) is the most commonly used extraction agent because of its non-toxicity, chemical inertness, and low cost and easy availability. In addition, CO 2 presents a low critical temperature value (Tc 31.8°C), making it ideal for extraction of thermally labile compounds like carotenoids. SFE methods particularly using SC-CO 2 for the carotenoid extraction from fruits and vegetables including capsicum have been described by many authors (Illés et al. 1999; Uquiche et al. 2004; Arimboor et al. 2006 ). In SC-CO 2 extraction, larger extraction volume, higher pressure, lower particle size and the use of ethanol or acetone as co-solvents have been reported to yield more pigments from red pepper (Jaren-Galan et al. 1999; Ambrogi et al. 2002; Uquiche et al. 2004; Tepic et al. 2009 ). It has also been shown that the proportion of red carotenoids such as capsorubin, capsanthin and zeaxanthin increased with the increase in extraction pressure (Jaren-Galan et al. 1999 ). On line monitoring of SC-CO 2 extraction of paprika carotenoids using near infrared-visible detector showed that the ratio of β-carotene+ free xanthophylls to total carotenoids in the recovered oleoresin diminished from nearly 50 % at the beginning down to 10 % at the end of extraction (Ambrogi et al. 2002) . Tepic et al. (2009) reported that the content of carotenoids in SC-CO 2 extracts was lower than that in traditional hexane extracts. Gnayfeed et al. (2001) has shown that sub critical propanol was superior to SC-CO 2 in extracting carotenoids particularly diesters of xanthophylls and tocopherols but less efficient in the extraction of capsaicinoids. Richins et al. (2010) has shown that the oleoresin prepared with SC-CO 2 containing 20 % ethanol as modifier from high pungent chillies could be precipitated in 76 % ethanol/water (v/v) to prepare red pepper pigments with low pungency. It is recommended to add antioxidants in SC-CO 2 extraction to minimize the possible degradation of carotenoids by the traces of oxygen present in CO 2 (Cocero et al. 2000) . The presence of the pungent principles, capsaicinoids in oleoresins of hot pepper is a serious limitation for its application as a food colorant and restricts the exploitation of a large numbers of high yielding pungent red chilli varieties for the colorant. Efforts to improve the methods to prepare nonpungent oleoresins from pungent capsicum fruits by the selective removal of capsaicinoids are still progressing. Interestingly capsaicin being a therapeutic agent particularly a chemo protector against mutogenesis and tumerogenesis is considered as a valuable byproduct of pepper color extraction. It has been reported that fractionation with 70 % methanol considerably reduced pungency of hexane extract and recovered 87 % of carotenoids (Balakrishnan and Verghese 1997) . Santamaria et al. (2000) showed that direct extraction of capsicum floor with ethanol (96 % v/v) recovered 73 % carotenoids along with 80 % capsaicinoids, whereas when the flour was extracted with ethanol (96 %, v/v) after extracting with 30 % ethanol (v/v), the recovery of carotenoids and capsaicinoids became 70 and 26 % respectively. It has also been shown that pretreatment of the flour with enzymes those break cell wall enhanced the recovery of carotenoids by 11 %. Pretreatment of capsicum powder with 10-30 % sodium hydroxide and subsequent extraction with ethanol has been reported to yield pungent free red pepper colorant (Chen and Wu 2009) .
Hydroxycarotenoids in red pepper predominantly occur as esterified with fatty acids, hence saponification of the extracts with aqueous or alcoholic solutions of KOH is frequently employed prior to chromatographic analysis to simplify the carotenoid profile (Kim et al. 2004 Application of solid phase extraction (SPE) technique using different types of sorbents has been demonstrated for the enrichment and purification of carotenoids (de Quiros and Shen et al. (2009) evaluated the carotenoid retention capacity of different SPE cartridges and found that C 18 and C 30 SPE cartridges had good retention capacity for lutein and β-carotene, whereas Diol SPE was suitable for the purification of lutein only. The gentiobiose imprinted polymer (Gent-MIP) has been reported to enable selective extraction of crocin with a high recovery (84 %) from saffron (Mohajeri et al. 2010) . In general SPE is a rapid and simple purification method for carotenoids and results in high recovery, accuracy and precision. SPE requires small amount of sample and consumes small amounts of organic solvents.
Separation, detection and quantification
The diversity and inherent instability restrict the commercial availability of carotenoid reference standards to certain common and widespread carotenoids. The purity of the available carotenoids is to be verified and to be purified if necessary prior to use as analytical standards. For other carotenoids the best sources are to be extracted and purified. Both column and thin layer chromatographic techniques are being used for the purification of carotenoids (Oliver and Palou 2000; Ladislav et al. 2005) . Preparative HPLC techniques permit rapid, reliable and reproducible isolation and purification of carotenoids (Tan 1988; Scalia and Francis 1989; Mazzei and d'Avila 2003) . High speed counter current chromatography has also been demonstrated as a effective tool for the preparation and purification of carotenoids from plant sources (Aman et al. 2005; Chen et al. 2005; Tsao and Yang 2006) .
Uv-visible spectrophotometric quantification is the primary tool for carotenoid analysis, in which total absorbance of the extract is measured at a wavelength specific to the most abundant carotenoid in the sample or β-carotene (Ranjith et al. 2006) . ASTA recommends absorption of 1 % red pepper acetone extract at 460 nm to compare the color quality of pepper products (AOAC Official Method 971.26) Differential wavelength technique has also been demonstrated as a an effective tool for the easy determination of red pepper carotenoids (Hornero-Mendez and Minguez-Mosquera 2001). Traditional gas chromatographic techniques are not suitable for the carotenoid analysis, because of their inherent instability and non-volatility. Now days HPLC is turned as the most acceptable technique for carotenoid separation and analysis. RP-HPLC with both isocratic and gradient mobile phase is frequently used for the analysis of carotenoids (Breithaupt and Schwack 2000; Schweiggert et al. 2005b) . However reports demonstrating the application of normal phase HPLC for the separation of carotenoids are also seen in literature (Collera-Zúñiga et al. 2005; Cacciola et al. 2012) . Though most of the RP HPLC methods use C 18 column for separation of pepper carotenoids (Kim et al. 2004; Marín et al. 2004; Perez-Galvez and Minguez-Mosquera 2004; Topuz and Ozdemir 2007; de Azevedo-Meleiro and Rodriguez-Amaya 2009; Kevresan et al. 2009 ), it seldom shows adequate ability to separate the isomeric and esterified form of carotenoids. Polymeric C 30 column offers better resolution of carotenoid isomers (Strohschein et al. 1999; Cervantes-Paz et al. 2014; Giuffrida et al. 2013) . Reports on the application of polymeric C 30 columns for the profiling of pepper carotenoids in their natural form (Cervantes-Paz et al. 2014; Giuffrida et al. 2013 ) and after saponification (Guil-Guerrero et al. 2006; Pérez-López et al. 2007; Cervantes-Paz et al. 2014 ) are available. Application of comprehensive normal-phase×reversed-phase liquid chromatography system for the separation of red pepper carotenoids was recently demonsatrated by Cacciola et al. (2012) . Chiral stationary phase have also been used for the resolution of isomeric carotenoids from food and biological samples (Khachik et al. 2002; Grewe et al. 2007 ). Mostly, RP chromatography with both isocratic and gradient mobile phases is being used to profile carotenoid esters. Addition of antioxidants such as BHT and low column temperature are recommended to prevent the decomposition of carotenoids during HPLC separation.
HPLC with DAD or Uv-visible detectors are extensively used for pepper carotenoid analysis ( Table 2 ). The ability of DAD detectors to provide absorption spectra of analytes has been shown to be useful in differentiating the carotenoids in a limited way Pérez-López et al. 2007; Kevresan et al. 2009 ). Simultaneous determination of carotenoids and red sudan dyes using HPLC-DAD has been reported by Daood and Biacs 2005 . The ability of LC-MS techniques to provide more details on the structure of analytes makes it more preferable for the analysis of carotenoids and their metabolites. Both ESI (Guaratini et al. 2004; Carmona et al. 2006 ) and APCI (Schweiggert et al. 2005a; Giuffrida et al. 2013; Cervantes-Paz et al. 2014 ) interfaces have been described for carotenoid analysis. The sensitivity of ESI-MS detection is at least two orders of magnitude higher than that of UV-visible detection. APCI has a broader linear dynamic range than ESI (over at least three orders of magnitude). The efficacy of MS technique to detect isotope labeled carotenoids extents its application to bioavailabilty and metabolic studies. LC-MS technique has also been demonstrated as an effective tool for the analysis of pepper carotenoids both in free and esterified forms (Tables 1 and 2 ). UV-Visible and mass spectral data obtained from HPLC-DAD-MS and chemical reactions have been used to differentiate carotenoids in red and yellow pepper (de Azevedo-Meleiro and Rodriguez-Amaya 2009, Giuffrida et al. 2013) . Perez-Galvez et al. (2005) have used HPLC-DAD-MS to profile thermal degradation products of paprika carotenoids. Independent of the mobile phase composition, similar pattern of chromatographic separation of pepper carotenoid esters are obtained in RP chromatography. The RP chromatogram can be divided into four zones, first zone representing free carotenoids, second zone to monoesters, third zone to isomers of carotenoids and finally fourth zone to diesterified carotenoids (Schweiggert et al. 2005a; Giuffrida et al. 2013) .
Though, NMR (Dachtler et al. 2000) , electrochemical (Ferruzzi et al. 1998 ) and thermal lens spectrometry (Navas and Jimenez 2003) detectors have also been demonstrated as suitable for carotenoid analysis, their application in food analysis is limited due to the increased cost of instrumentation and tedious sample preparation procedures. The other sensitive techniques such as Raman spectroscopy Hammond and Wooten 2004) , MALDI (Guaratini et al. 2004 ) and particle beam electron capture negative ion MS (Careri et al. 1999 ) find their application for carotenoid analysis mostly in biological samples.
Analytical data on the carotenoid composition of red pepper is divergent. Most of the reports identify capsanthin as the major carotenoid in red pepper (Table 1 ) whereas, lutein (Heinonen et al. 1989; Guil-Guerrero et al. 2006 ) and violoxanthin (de Azevedo-Meleiro and Rodriguez-Amaya 2009; Matus et al. 1991) are the principal carotenoid in some varieties. Varying proportions of violaxanthin, zeaxanthin, lutein, β-carotene and capsorubin have been reported as the other major carotenoids in red pepper (Table 1 ). The wide variation in the carotenoid composition in same species in different reports may be attributed to the variations in agro climatic and post-harvest conditions and/or limitations in analytical methods. Many of the published papers reported carotenoid composition based on chromatographic retention data and the data on composition is restricted to the available reference compounds. Identification based merely on the retention data may be misleading for a class of compounds like carotenoids as they give close elution pattern in most of the available chromatographic methods. Polymeric C 30 stationary phase have proven advantage over C 18 stationary phase in resolving close eluting carotenoids (Cervantes-Paz et al. 2014; Giuffrida et al. 2013; Pérez-López et al. 2007) . A combined approach based on chromatographic data, absorption and mass spectral data and chemical tests has been suggested as more effective tool for carotenoid analysis (de AzevedoMeleiro and Rodriguez-Amaya 2009). Structurally close compounds may have significant variations in MS responses; though they are not much differed in their UV/PDA responses. This restricts the usage of reference standards for the quantitation of other structurally related compounds in MS analysis, which is usually practiced in HPLC-UV/PDA. Since the availability of pure standards of carotenoids and their natural derivatives is very much limited, HPLC-PDA-MS configuration could be used for the analysis in which the identity of compounds can be confirmed from Mass and UV-Visible spectral data and quantification can be performed using the DAD data against the available structurally related compounds Arumughan 2012, Giuffrida et al. 2013) . The nature of matrix greatly influence the response of analytes in MS by suppressing or enhancing analyte ion intensities, hence the effects of different matrices and sample preparation methods on the MS response of carotenoids have to be evaluated and necessary corrections have to be incorporated to the analytical results if MS response is using for quantitation.
Stability of red pepper carotenoids
Electron rich conjugated polyene chain makes carotenoids more susceptible to the reactions with electrophilic reagents. Carotenoids in their natural environment, when they are incorporated to lipoproteins or membranes are relatively well protected. However if they are isolated and transformed into solution, they are more prone to isomerisation and oxidative degradation reactions. Knowledge on the mechanism of carotenoid degradation reactions and the effects of such reactions and products on color, odor, appearance and overall acceptability of food products is essential for the management of carotenoids as food colorants. Oxidation contributes to the major degradation loss of carotenoids during processing and storage. Both light and heat influence the stability of carotenoids through radical mediated oxidation reactions. Availability of oxygen, lower pH and presence of pro-oxidants, catalytic metals, oxidative enzymes and unsaturated lipids in food enhance the carotenoid degradation; whereas reduced water activity and presence of antioxidants have protective roles (Boon et al. 2010; Henry et al. 2000; Konovalova et al. 2001; Gao and Kispert 2003) . The conditions that favor oxidation reactions generally found to favor the isomerization of naturally predominant all-trans carotenoids to their cis conformations (Boon et al. 2010; Gao et al. 1996; Gao and Kispert 2003) . Isomerization of carotenoids influences their stability as well as bioavailability and physiological properties (Khoo et al. 2011) . β-carotene is more susceptible to isomerisation than lycopene (Abushita et al. 2000) . β-carotene in its trans form has been shown to be more bioactive than their common cis isomers, whereas lycopene have been reported to be more bioavailable in its cis form. The higher bioavailability of lycopene from processed tomatoes than from fresh tomatoes has been attributed to the isomerization of lycopene that taken place during processing (van Hof et al. 2000) . Contents of carotenoids in plant tissues are controlled by many factors and may undergo changes not only in living plants but also during post-harvest processing and storage. Processing operations of plant foods usually rupture plant cells where carotenoids have been safely stored and expose carotenoids to oxidative enzymes and other degrading agents. At the same time it may be beneficial as the disruption of food matrices may facilitate the liberation and solubilisation of carotenoids resulting enhanced bioavailability (Giuffrida et al. 2013; Pugliesea et al. 2013) .
Storage Storage conditions crucially affect the carotenoid content of crops and finished products. Considerable loss of carotenoids from red pepper, pepper powder and paprika during post-harvest storage has been reported by Schweiggert et al. (2007) . Carotenoid loss during storage is more for paprika than red pepper and illumination enhances the loss in both samples. Topuz (2008) reported that the color degradation of paprika follows a first order kinetics with higher rates at enhanced temperature and water activity during storage. Topuz and Ozdemir (2003) have shown that 10 months storage at ambient temperature results in 42.1 % reduction in capsanthin content in paprika. The sealed flexible vacuum-hermetic (80-100 mmHg) storage has been shown to have substantial advantages over traditional storage methods in the preservation of quality characteristics such as colour, pungency, and aflatoxin content of Turkish Red Chilli Peppers with 10 % moisture level for longer storage periods (Duman 2010) . The loss of carotenoids in paprika samples stored under industrial controlled conditions (4°C, 70 % RH) is minimum (Perez-Galvez et al. 2009 ). In general low temperature, oxygen deficiency, decreased humidity and absence of light were found to reduce the carotenoid degradation during the storage of crops.
Drying Naturally convective dried paprika samples have retained more carotenoid pigments than the samples subjected to hot air oven, refractive window and freeze drying (Topuz et al. 2011; Topuz et al. 2009 ). Evaluation of the effects of chemical pretreatments on the color stability of red peppers during drying shows that dipping red peppers in a solution of 2 % ethyloleate+0.2 % NaOH+0.4 % K 2 CO 3 at 60°C helped to retain best color during drying. The high moisture levels (>80 %) of fresh red pepper fruits allow the fruits to have longer metabolic activity during drying at mild temperatures and therefore yield dried products with equal or more carotenoid content than the raw materials . ASTA color values of Korean red pepper powders have been shown to be reduced by 50 % after 42 days sunlight exposure (Kim et al. 2002) . Carotenoids in chilli pericarp discs exposed to the light have decreased rapidly than their counter parts kept in dark and ascorbic acid suppressed the carotenoid loss during the drying (Jung and Lee 2006) . A sharp increase in the levels of MDA and changes in electrolyte leakage when carotenoids have exhausted indicates their photoprotective and antioxidants roles in plant cells (Jung et al. 2006) . During spray drying of paprika oleoresins carotenoid retention in the microcapsules increases as inlet temperature increases from 160 to 200°C and yellow fraction is more stable than the red fraction at all temperatures tested. Maximal stability for carotenoid oxidation was found at a w 's of 0.274 and 0.710 for microcapsules prepared with GA and SPI respectively (Rascon et al. 2010) .
Processing Short term mild heat treatments such as blanching (70-105°C) and pasteurization (60-95°C) usually enhance the storage life of food products by inactivating enzymes and vegetative microorganisms. Blanching generally helps to decrease the loss of carotenoids during storage by reducing the enzyme activities (Negi and Roy 2000a) . However, reports indicating the loss of carotenoids during blanching are also available (Negi and Roy 2000b) . Pasteurization of canned red pepper pickles containing 2 % NaCl and 2 % acetic acid at 83°C for 5.2 min has been shown as the optimum condition to minimize the carotenoid loss (Guerra-vargas et al. 2001) . Thermal treatments at 80, 90 and 100°C for 5 and 10 min reduce carotenoids by 25-34 and 20-53 % in red pepper and paprika respectively. Mono and diesterified carotenoids are more stable during processing than their non-esterified counter parts (Schweiggert et al. 2007 ). HPLC-APCI-MS and EI-MS analysis of paprika oleoresins after high temperature treatment revealed 9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 4 , 1 9 , 2 0 -o c t n o r -c a p s o r u b i n , 9,10,11,12,13,14,19,20-octnor-5, 6-epoxide-capsanthin and 9,10,11,12,13,14,19,20-octnor-capsanthin and its isomers as the major thermal degradation products of pepper carotenoids (Perez-Galvez et al. 2005) . It has been shown that degree of unsaturation of lipid media did not have significant effect on the rate of degradation and trans to cis isomerisation of carotenoids during nonoxygenated autoxidation of paprika oleoresin (PerezGalvez and Minguez-Mosquera 2004 ). An isokinetic temperature for the thermal degradation of chilli carotenoids has been postulated by Perez-Galvez et al. 2000 , above which, degradation of red carotenoids is more favored and below which degradation is preferentially towards yellow carotenoids. Domestic cooking of vegetables also results in the loss of carotenoids. Pressurecooking has been shown to retain more carotenoids than open vessel cooking (Gayathri et al. 2004 ). Addition of antioxidants spices like turmeric and acidulants reduces the loss of carotenoids during cooking. The highest γ-irradiation dosage 10 kGy causes 11.1 % capsanthin reduction in paprika (Topuz and Ozdemir 2003) .
Product storage Studies on the storage stability of red pepper carotenoids as colorants in finished products are rather limited. The degree of redness imparted to meat products with paprika has been reported to be stable during the shelf life, whereas pasteurization of paprika alters the color stability and addition of natural antioxidants helps to maintain the color levels of the products through out the shelf life (Gomez et al. 2008) . In general carotenoid retention can be improved by the closed storage at lower temperature and reduced water and cationic metal activities in absence of light and oxygen.
Conclusion
Red pepper is one of the oldest, popular and economically important natural coloring and flavoring agent with an average annual production of 2.5 million tones. Red pepper pods are abundant with diverse carotenoids, and their composition largely depends on the varieties and geo-climatic conditions of cultivation. However reports on the detailed carotenoid composition of red pepper varieties in respect to their agroclimatic conditions are limited. In practice, it is very important to take into account the carotenoid instability to establish processing conditions for its coloring applications. Wide variations in the samples and model assay systems used to evaluate the storage and processing stability of red pepper carotenoids in the available reports made the assessment of stability data difficult. Processing and storage practices may change the nature and properties of plant matrices resulting in variations in the liberation of carotenoids during extraction for analysis, which may even show increase in carotenoid contents during processing and storage. Interaction of components in food matrices may enhance or inhibit the degradation kinetics of carotenoids. Therefore properly designed blank experiments to accommodate these variations are to be incorporated in the studies. The comparison of analytical results is not informative unless a well validated analytical method is used and the contents are expressed in dry weight basis or moisture content is specified if reported in wet basis. These inconsistencies emphasize the need for standardized protocols for sample preparation, extraction, and analysis and reporting of results and for the development of model systems for stability studies of carotenoids suitable for the wide variety of raw and finished products. Detailed studies on the stability of red pepper carotenoids in different products following well defined and standardized protocols and using well designed model systems are to be conducted in order to asses the potential of pepper carotenoids as food colorants. On the other hand, it has been clearly established that technology development has introduced new methodologies or processes to avoid the intrinsic oxidative and acidic instability and solubility problems of carotenoids.
